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HLWA Y TNVI YT L IVARY ¥ —RADES

SRKZELMELRII R —HIE (EIE  IEBETHR)
SRRFERFMERPECFEFE (B BHETHR)
m 8 =#H A

WIN— AV 23T A ZADEEFRECLILIZEY, AV TNVIVFIANAERHN y—L LTRATSZ &AH
Berel), TNETYANVAMMKESEE (hemagglutinin, HA) R 1°/ 1 F 3 =¥ —¥ (neuraminidase, NA) BEFZFIH L7
Ny Y —FOBERINTES Lo L, BARETFOFEHHACTORRLANVEHEOV SO TRGY o7z, FHRETIE,
BEBHA VITNIYFIALVASE PR GEL, P20 ES LA VA VTR, KEMERSEROEVIHEES ~
/8% %1 (nonstructural protein 1, NS1) BEFIZHFHL, ThEMALTHL VA Y IV YHFIA VANY ¥ —REFMRET
HIEEHMELE. A TANIYFT LN AWSNEREBIMEE LT, NS1F »/87 BOCHil52 % & K% L - #{E P2
NSIZEBRHENIO R HEL, ZONSIZERERETOTIRIC, BCYMEEERF217T 3 JEEPLR A2 70T 7 —EEH %
AEERBIE LTS 09I 47220~ VT LF VEEEIEEE (chloramphenicol acetyltransferase, CAT) L — % —BET-ZIFA
L, Ay v /s7 B LCRBES SR, 2 THRENBETEAREL Y A VR, 34 CTIIEARE K FHLENT
BY, £51239CTIdY A4 VADEEDILE SIVRERSME o7, w0 2T 2MEHIC OV TRERBHER 2B M 0%
BEHEZ{T-72L 25, S kb 2HLl D50 %EILE (50% lethal dose, LDs) O LFH ) BEITHEFEL SN Tz, ¥
VST BORBIIBS A F A2 VI E BV A S SR, & S NCEEIREIC E DT L. RBLLCRE S V%
BDH b BAERLMI2ATIFT— YL VTR SN, BRE Y v N7 BE b ZENBEEINL. —7, #EAL
FREREFORERS, BETHEMBRL T A VAL EEME TS EMNA L%, BEMNo CATIEROERIZL Y HIEL

7. CATHEMIZSRZRYVELTHE L, BALMMGRETOLER M S NL, &b, BALIBERETOERL
ML, NABEFRFAA LN ¥ —REL_D R EDL 1006 W00BRER o7/ Uk, ZO4 X7V Fr LA
Ry ¥ —RIIEET 7 F VRBETFHEEADICEHO 012, FFICHELEEEFF>Z EdREN.

Key words influenza virus, virus vector, chloramphenicol acetyltransferase (CAT), nonstructural

protein 1 (NS1)

A7 HFy L NAE, A, BEASAK, CHRBTRIIN
HiftLz<v A4 FAEORNAZ #EF & LTHHF > NO—-7
YA NWVATHDLIY, 19824F 24 v TN Ty H 1L A
A/PR/8/34 B D AR IZFEFATHE SRV, IR T-HAMR T
B & T2 5 FEMEN THEIEA SN, 1990 FALUTAY, B
gl A 2 7V Y 4V A OB TR AR s Y9,
K IZEETIRELS™IZE DAL - L L AFE R
% (RNaseHiE) bfsssh, WHIT I F o RTANVANRT §—
&L TCOEREMEIThIL TV 3,

BT R REE T REMIEOBH TR YA VANRS ¥
—ELT, VIO A LR, TF/IANRK, TF/bET A
VAB I PCHMALRIT A NVAGZEFRPFOSENT WS, L
L, SHbOT A NVANRY ¥ —|21%, MlEE, KEETEA
wE, VR RO EMN, EARGEFORE MO S THED
Hath, FOHBEEOLOREHEEIHETHL L EORER
HH9 THNEDRIZLERT, A ¥ TN FTALNRIEY

SERG104E 11 F 27 HSfT, SR04 1 B 7 BHSm

AWANRY ¥ =& LTIEBLESA, KOO0 REHH
HEEND. T, EEFEEAML, FARBMLALTEGW
HEVEERETATAI L. ARHFOLVE LB AL, BT
R & F Tl KB EATETH D T L. ML T
LA TFORICHAR TS Z A (, L v
TORETHLIE, FLT, PR LY 4V AE AW
AHIZL ) EHRNT R THL I L RETH S,

PLEORKNG, ATV F 4L ARERORLD L#
NERy S =L LTRHATERURENH L LEZLLN, £0
BISERFZE D T N T E 7, FNHDFRED A > TN T 71
WANRY ¥ —=FROWRD BT, #HARZIALAD
HEEOBRD XS, 9ANVAKFETS v /37 EE3—-FT5
YAV AMEREREE (hemagglutinin, HA) /47 3 =24 —¥
(neuraminidase, NA) BZFAFIH s hTE/2. LaL, 1
SORIETIF Ny - LTiihbBREOENEAFEILS
N=b 0D, EIGEEFOE S OFRHELEH L VIdiEe

Abbreviations : BSA, bovine serum albumin; CAT, chloramphenicol acetyltransferase; CTL, cytotoxic T
lymphocyte; DMEM, Dulbecco modified Eagle’s medium; dNTP, deoxyribonucreotide triphosphate; DTT,
dithiothreitol; FITC, fluorescein isothiocyanate; HA, hemagglutinin; LDs,, 50 % lethal dose; MDBK, Madin-Darby
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DL OO T b o7, FITEMETE, 8KHbA 7
VI LN ASEHERDEL, »210EEIE A VA
gy BEPRBHERMEOBVIEREEY Vs H L
(nonstructural protein 1, NS1) BEFIZEH L, Hlnxsy
— RO AT,
%@tmu,UN~1V12%47XG$W%MwTEﬁ
SO DR S N 88 Y ) LATEI O NSTZE RN % H
wéutktt.uwﬁﬁﬁiN$ﬁm?W%-T/k/Z%
FEATBHIEIZLY, NS1¥ 87 B Cllo 120 # 5k
DT I/ BREHEREEELDTH S, BIHNSLY V82 Y
BEhD48%IH-BENBHNOT I /BEG T2, o
KRIIESTEHNFI—-FT2L ) 1 00BETFIHHEESY » 3
% 2 (nonstructural protein 2, NS2) DA TS5 4 L » 7L 7+,
BLOo—74 v VHBIZIEE RS A 0O T, NS2§ /3
THEOABAIZREN RV, TONIOERETIE, BEIZHE
Bl < 7 ANV REAEITEFAERR E IER1050 TRBICHIR S

L. BEMBATOY 4V ARNADEEE - i, BLU

mRNAD# L ML E CORAENEL, WAk ERROMIZHEE
HEXLEWD A VRAY R EARIIOWTIE, BEYw
Wy 7 ETHARX Y LA T IT 1 (nucleoprotein, NP) %
NSIDABAIEEERHER RN L. LarL, By s

THARBHAE SN, BEAOIOBREIZEFTRTL, I

TANAEEREDBERTORND1IDER->TwhHLEILND,

ZONIIOERDONSL Y ¥ Ny ERBLY 7V ZFAL,
LAY TVNIHEILNVARYT ¥ —-RORKEITo72. BIb,
NG OFK LS EH L 7-NSLY » N EDO TR, 2471
57— PRI EMERTIE LTHRY 8B RiFAL, K
J7ar4r e LTHRBEE RERTIISN Ry o
LTHMEnD s O L7220 — VT F Vs
(chloramphenicol acetyltransferase, CAT) #E{ZF#% M /2. 5§
PRy 70574 0id, 2A7 057 —EOHCOMEN
ICEONSIERSY X BHECATY 7Bl b5 2 EH
fFsha,

KEFIETIE, SDA Y TINI U HFI AL NANRZ ¥ —FR 200
T, Tﬂf%o)/-f DR, EEME, AL ZsSREE ORIV
NV B L FOREEIZ DTG L7,

Table 1. PCR primers

HH B L UFE

1. Wmfasss

R L Z-figidy S8 LR AR E % (Madin-Darby bovine
kidney, MDBK) #ilaT& 5. #ALI3 10 % 45 8 M i (fetal
bovine serum) (Hyclone, Utah, USA), 5000 H{7/ml~<=
>~ (ICN Biomedicals, Inc., Ohio, USA), & & U¥5mg/mlA I\
L7 b~ 4~ (ICN Biomedicals, Inc) #&U ¥ WXy 2%
4 — 7V EH (Dulbecco modified Eagle’s medium, DMEM)
(A7, BN IZT37TC, 5% COFHET CHELL

I. EHEIMILIELZTORY

1. "4 VZAORE

47N ¥4 v AA/WSN/33BRIZ, MDBKAMI 2
P4 BEE (multiplicity of infection, moi) 0.1 T3045 Bk #H S
7ok, EBEBRELO2%EMET V7 3 (bovine serum
albumin, BSA) (Bayer Corporation, Kankakee, USA) i#hn
DMEM %Wz 37°C, 5% CO AL T T2 H M L, #0REHE
LN L7

2. TANWAKTIVARR Y LF 7T 1~ (ribonucleoprotein,
RNP) O3 i

Wl 4 7N W L LA Smg (F v S 78) iy
1ml DA [100mM Tris-HC1 (pHS8.0), 100mM i&E{k Y
7 4, SmMIE L~ 7R A, 1.5%Triton N-101, 5% 7
V4 ry, 1.5mMYF4 ML 4 b= (dithiothreitol,
DTT), 10mg/ml 3-sp-) V74 A7 7F N2 » (3-sn-
lysophosphatidylcholine) ] # iz iEg+6H2 CH®H L 31°C, 25
SEIMREKE Lz, kS LA AV AW Iml %, B
7)) CEELEER [50mM Tris-HCl (pH7.8), 150mM
WAL M) D 4233%, 40%, 50%BLT70%D ) w1 »
FEUHEWEOFNFNL7m], 0.38ml, 0.75mlb & F1.0ml % &
BB LT HICEME L 4T, 45000rpm, 40 BEE O %
0.3mlIF DIz L 72, KM5O 3,0 % 11%K) 7 2 LT 3
N7 W2 CSDS-PAGE % 17\, 7L %44t L CTRNP % & ¢
Wigr A AL, KRR LAY,

3. 2T HF N O

RNP i 4> 0.6ml & B B 35k & o v L% 15 L0

Primers Sequence 5' — 3'

ECOT7NS

CCGAATTCTTAATACGACTCACTATAAGTAGAAACAAGGGTG

XBAHGANS GCGCGCTCTAGACGCCCGGGAGCAAAAGCAGGGTGACAAAGACAT

MFEXHONS CCAACAATTGTCCCCTCGAGGGTGAAGGCC :

MFECAT GGCCCAAGTTACGCCCCGCCCTGCCACT

XHO2ACAT CACCCTCGAGAATTTTGATTTATTAAAGCTAGCTGGTGATGTT-
GAATCTAATCCTGGTCCTATGGAGAAAAAAATCACTGGG

CATI GTCAGTTGCTCAATGTACCT

CAT2 ATGGAAAACGGTGTAACAAG

bovine kidney; moi, multiplicity of infection; NA, neuraminidase; NP, nucleoprotein; NS1, nonstructural protein 1;
NS2, nonstructural protein 2; PBS, phosphate-buffered saline; RNP, ribonucleoprotein; RI-PCR, reverse transcribed-

PCR
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[50mM Tris-HCl (pH7.6), 100mM¥E{t+ b U 7 42 1L.5M g1k
By L/B0% 7)Y v, eMBIbEY T A/3B% T Y v,
25METLES P L/40% 7Y £ v, SMEEfLE Y 7 A/45%
F)E) rEECBREAFNFN09m], 1.2ml, 1.7mlB & F
05ml &R L CIER] EIWCERL4TC, 45000rpm, 25K:RHE
L%, 03ml T2 AE L. SEASD6u1211%F) T
YT I FA VA TSDSPAGE 217V, F VR REELTY A
LARNAFY A5 —¥% »32E (PB1, PB2, PA) B LU
A VANPRECESHER LTS v 87 BE L2,

4. cDNAWTH OFE

RNaseHIZ & D 8%/ AFEDORNPHD S/ 2 RNA % H1t
T A, B8GHE S/ L RNAICHAE 2 1484 cDNART
FrafdA L7 ZODNAWA AT 270012, cDNAlug
& 7= 1 0.05 Bz RQ1 DNase (Promega, Madison, USA) %
WT37C, SOMEEIC & D ESEIMT L, BEE, 05pg/ukl
EhBEHLR?,

Il. BipRRERR

<y A RS ER T AR R AR AR ) S A R R ATE G
EDHHEBT, FAEEIZTTo 7.

V. EBE#METO CATRIEFORR

1. RBETS5 R 3 FOBE

A7 9 X3 FHEOHKERT. ECOTINS &
XBAHGANS 77 4 <— (E1) [FI4+— " V¥ r (EH)
TEEAK] 2T, PCREETNSEZFD cDNA % HIE
L7:. ZOPCREY % HlREEFE Xbal, EcoRLTHIMTL 7%,
AF=varFy b (ElE "8 zAVTERE~NY ¥ —
pUC119 (F£HiE) (AL, 775 A3 FpT7/WSN-NS & &7z,
TOTTAIFEEBMLE L, MFEXHONS & XBAHGANS 75
A= (FED [FF914+— - Tx N TEHEEH] 2HVT,
NSIZEMENIIODE L 27 F U/ EFIE, 20 TiihlREER
{37 Xhol % ¥> cDNA % PCREUG THIE L7z, ZDOPCREH %
W PR B2 Mfel, Xbal CYIBF L7, EBDT7IAIVN
pT7/WSN-NSIZHEA L, Zh# 79 %3 FpT7/NS XHO) &
#4472, 2RiZ CAT ® cDNA % MFECAT & XHO2ACAT 75 1
v — (k1) [EERE #HE) CREAH] tHVTPCREET
MiEL7, ZOPCREWIZ2ATO T 7YYL, EDOTH
WWCATBREFENF+MAELTWA. I h % HRBEE Xhol,
Mfel THINT L 729, Lo 75 X 3 FpT7/NS (XHO) WAL
oo BRIICEBOLNSTITAI NN, KAEBRTHERTARHT
5 2 3 FpT7/NS2ACATTH % (H1). DT I A I FTH,
NS17Z8 B4k N110 O 4G4 NS ET-ERFICF &K & 2A V0 77
— YEH %A LT CATEEFEFVESICEBEER, £OT
T E RSN Mfel B A5 3 KigFcL, TP /2 E— % —
(A FALYR) FEEINTWES, %8, PCREIGIETRT,
94°C, 25 DAMPEEDHE, 117 CTI0F, 55CTT24,
72CTIFHShBHA 2 VEITA 7 MTo 7z,

2. BETFHIELA TNy £V ADEN

MDBK#E % 35mm 77 AF v 7 74 v ¥ 2121 X 10%/ml
OEET, 10% FBSIERIMDMEM (2 T37°C, 24WERIsE%%, &
if & ? RNaseHE" 2 & ) BIZFHARZ 7 A VW ZAOREINE
Forz. BIH, w4 VAKFRNP 10pl%, 0—4THLESS
By AEFNZARREA % DNAKTH 2 g & SMIEILF P U 7 &
0.6, 1 (IR 0.35M) DFFETIC37C, 54 HME L T DNA-
RNANA 7)) v FaEBE &+, RNaseH (Fil&) 30 BAL & 0N

Z37°C, 5ABINIRL CHESNH Y/ ARNAZ L. &6
\ZINA 7: cDNAWT K # 2 & \o %3 5 72012, & A RNase
FRER ¥ (RNsin) (i) 50 BALOTFAE T TRQL DNased L7
MZT37C, 5MMmMRAL /. —F, NS/N110-CAT* X 7
FI)LRNAL T A VAAT & R BEOEAEKE DT OHE
THB L 7. NS/N110-CATEIZTE2EALATIXIF
DNA 1pg, IM DTT 0.541, #%25mM 458574 %) HxX 7
L% F F=1) > B (deoxyribonucreotide triphosphate, dNTP) 1
xl, RNsin 25 fif, 4 > 7NT oy 4 VRaAT§ 87 HD
ul, BUTTRNAAY X 5 — 4 (i) 100 $A7 % 50,10 K
#& [40mM Tris-HCl (pHS8.0), 8mMiE L~ 7 4 ¥ 7 4, 50mM
EAbF P P A, 2mM ALY 2 2] RT37C, 304N,
X527 5 A3 FDNA#S#ET 5 72© 1 RQ1 DNased H{L %
Mz T37TC, SOMMELZ. ZORBREARCTER SN
FA54 7 LRNAW, RGHEFPICFETEIIANAAT I >
NEEELEAE L THEARERR TS, JORAELiRD IR
vy, ik RNaseH CH84E Y/ ARNAZ AR LICT A VA
RNP & 3ti1Z, NS RX 7223 v [0033%DEAE 7%
ANT Y, 05% Y AFINVANKFY F (dimethyl sulfoxide) 3
X U°0.1mg/ml¥ F F »iEMPBS] T304 BRI L 722 MDBK
MR cnZ 1B M#E Lok, E¥%MDBKMREZMA T
3BmMm 7T AFy T4y Ll REELTHSL
0.6%7Hu—A, 0.1%BSA4* EUEHMTERL, RES5%
CO,DEMETT3C, AHMFERELA, MBALLTI—s 28

A 33 g ; ER £g
v ¥ v v 12
XBAHGANS XBAHGANS
pT7/WSN-NS [ ] wsnns 117}
B N | < wrERoRs
3R is 2 K
g8 £ f i
vvoy vy XHO2ACAT
Y
pT7/NS(XHO) W | 7 | I CAT
e
I MFECAT
2R VL ' v ¥
A 4
PT7/NSZACAT RN 24 ] - EAT ] 17 ]
A
B
NS
3’ S'
WSN l 0 S
NS1/N110[2A] CAT i
NS2ACAT 3'|] l !
il NS2 S

Fig. 1.  (A) Construction of the plasmids pT7/WSN-NS,
pT7/NS (XHO), and pT7/NS2ACAT. The sequence of the
self-cleaving 2A protease was inserted between the mutant
N110 NS1 and the CAT sequences. (B) The genome structure
of the WSN and the NS2ACAT viral RNA segment 8.
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B L, MDBKHMIIZIZREICL 2 B RIES2E L 7.

3. CATEIZTEADHER

HLAIR 7 AV A0 CAT B{ZE T8 A OWERIL 5 5
PCR (reverse transcribed-PCR, RT-PCR) {2 TiFo 72, IV~ 2
TRONLFEEEFNIHABZ T A VAR SR TwE E
PRENHEOT, ZORE,PSRNAZMH L, K@ [50mM
Tris-HC1 (pH8.3), 75mm3EftH 1) ™7 2, 3mMIE b= o AL
2, 20mM DTT, 2mM 4#dNTP, RNsin 1087, #iEE %
(Moloney murine leukemia virus reverse transcriptase, Life
Technologies, Inc., Rockville, USA) 40 Bifif, % 5,M ® CAT
TI4=—1, 2 (EIBHETEILAEM, £1)] 51 LB,
42 C T30 MK 84 cDNA%Z & X ¢72. cDNA 2,1% PCR
e [10mM Tris-HCl (pHS8.3), 50mM LA 1) 7 4,
1.5mMIE{b= 2% > 4, Taq DNARY 25— (i) 1
HAT] LRALPCREAT- 72, BULSEME, 94T, 2500l
L%, 14T 94T T308, 55CTT308, 72CT30HH» 5
LAY A4 7V E30 1 7 ViT>7. PCREWIL, 2% 7 Ho—
AT WA TEAKE L 7.

4, = RNIRT D R

XU RIS EWEE RTS8, HARIT I VAE
T RNIKEBIEE L, 50 %H3EE (50 % lethal dose, LDs) 5 &
UHREORERNEILERNA 72, BHEE AL 2012,
LDso D 60fEDIBEEDOWSN Y 41 LV 2 % & 6 IZRBEHE LKED
R L & B,

5. CAT% » /32 ED5EH

AR Y A4 VA% MDBKHMIZIN 2 2R T 30 5 MR A5 &
ik, LiEEBREL, 002%BSA%* & DMEMIZ2T34TC ¥
721339°C, 5% COHFTE T THEZE L /. MR TR 5 R o1
HTHRAEE04,Ci/mlo¥S-2 F 4 = ¥ (American
Radiolabeled Chemicals, Inc., St. Louis, USA) 2T 13
VARERBEIT 72 7 A4V ARG L 7o) o BRI
3K (phosphate-buffered saline, PBS) T 1ol L 722, 7
NW=RY A~ 2T L, #Mlg8Ei s 4T, 15000rpm, 1
LR L CHIfL 2. T oM E A [0.25M
Tris-HCl (pH7.6)] (Z8R&E L TT A b 5 v Mk ant i
XL2020 (Heat Systems, Farmingdale, USA) |2 CHIlE % it L
4°C, 15000rpm, 140 L CRBESEKRE Lz, EiFEOH
Ha Y #1280 CAT, $INP, HUNS1, 38X UHINS2¥iE% N2,
K T304 PIEHE L7=7%, 20.1050% 705 4>GkE7 70
— A (Pharmacia, Appsala, Sweden) %# iz 4°C, 304 %%
L7-. 4C, 3000rpm, 14f&E.LLCEEEBRIEL, hilx
RIPA###% [10mMTris-HCl (pHS8.0), 140mM 1L+ kv 4,
1% Triton X-100, 0.19%SDS, ImM 7 v{L7 = = XA F LA )L
= Z ) (phenylmethylsulfonylfluoride), 100Ef7/ml7 7o+ =
o 2mMT U F MY T A, 1% TFAF I a - VEEF MY T 4]
ICT3EW¥EHEL, SHIICPBSICTCIEEE 1T, BiEL
T N BERKEFE B [0.125M Tris-HCl (pH6.8), 20% 7
Vo -, 2%8DS, 2% 707 /) — VTV —,
0lmg/mlA VAT hTd /) —ib] 10.1%MZ100°C, 35RIM
B2k, 10— 20%BEQERY 7 2 YT I F4 L AE6000
(7 b—, ) IZTSDSPAGE 21T 7. kBT, ¥V
BEEW [46% A% 72—, 10%EEE], IMY Y FIEEF Y
DADNEICRLTENEFNIOGHEER L. SRLLSL
H—80T, 24BBIXM7 A M AIZELE RS, LEIGL

SN AFERBIIIATCTEZICTEFNRERIBBHOF 2 4 A
(chase) x4r—> 7.
6. HABLTOREMSE
TANARY S LIZENL-CATRETOREM Y &AL 720
2, Madz o A VA% MDBKHIIEN T SERM 2 4 h 8L
BoNnizny =20 P0) B5 /8y —U5P5) £THYAIL
A % MDBKMEIZZIR T30 M #H S ¢ 7/:7%, LiFtlEL,
0.2% BSARIIDMEM 2T 34°C, 5% COLTEAEF T 5B fjbs 32
L7z, & A0 RGBS A L 72 PBS 12 T LIk L 72,
FN—=R AT TTHYLL 4°C, 15000rpm, 143#E( LT
Mle e %o, MIRERECRE L CBFEmRLZ. oM
N e & 4°C, 15000rpm, 14-ME L L TREW % BRI L,
5 5 AU/ HMIBa i % CAT KIS HE [0.25M Tris-HC1 (pH7.6),
0.1xCi*C—27n1 %47 x=3—) (NEN Research Products,
Boston, USA), 8mM 7 t£F b a4 LA (i3, KH)]
ERELITTC, 24 ER, BRI FVERAEL4T,
15000rpm, 14-M#ELL CLBORSIF VEEZ Ty > F
N7 Fa—7IZBIL, BAEEEREE (v~ b, HE) 12T304
B AR L7, SRR, 20 1 OFEBR T F OV 2R & &,
TLC 7'V — I (J.T.Baker, Inc., Phillipsburg, Germany) {2 %
EybL, BEE [95% 2700k Nd, 524/ —1] T
0 MIER L. XE 71 WV A~NDENIE, —80°CT24HM
1_1.,) 7= 19)
AL B A VR Y LRy B HOMER
A7 4 N5 A (Chamber Slide, Nunc, Inc., Naperville,
USA) LTHERE L - MDBK MR IR 2 7 £ L A % moi 1°C
TR Sz, BT ERE L 0.2%BSARMDMEM i
T34C, 5%COFAET TEMHBEELL. ATAFTI A%
WHILZ-PBSIZ TR L, 71 b T—207C, 204BilME L7,
W, LRI (UCAT, HINSL, B X UHINPHIER) o2h
FNEMATIGMEE L, mE L7 PBSIZC3 gk L 22,
TNF LY 4T 4T 2 — b (fluorescein isothiocyanate,
FITC) #ERIT7 ¥ F1gGHik# A 1FEME®E L7z, 3610
AL 72PBSIZ T3k E#, WG MEE (Axioscope, Carl
Zeiss, Oberkochen, Germany) {2 CHINL DB 41T~ 72,
8. LIk
ATV T ALNAY )87 NP, NS1B L U'NS2I
AT ABRIE, KBENTRBEELEFNFND Y 287 B %
THFIIRG LRSI D RIEL, mohamiEL b 1’#‘««
72b D EAL 7o L CATHIUK (5Prime — 3Prime, Inc., West
Chester, USA), FITCIITHEH#L 29 v + F1gGHi ik
(Biomedical Technologies, Inc., Stoughton, USA) (Ziii® &
DEFHLI:.

B &

I. BEFHEAIAMRA IO
AITNE T NVAERCIH LR 5§ —RAOHR %
BWE LT, #8534/ LA DONSLEEFO T/ REETF
THABOHAET oM. FO0D, KFETIEINKEH 8%
DT 7 BEFI,S 2 BEMENSIOTHIZ, 177 3 /8256
BBATOTFT —EENMERS & L THRBETFEERT 2
Zrel, AREEFLLTECATEEFEHV (")), &
HENSLE CAT % N7 BIBE Y v 2 BE LTERENS
25, MEMICAET S 20707 7 — LRy O E CHEER I



L0, #NFROY RV HICHMT A EFHEENS.
KEBNTARL 722 OMARZESTE Y/ L RNAZEFFD
£ T NI WY A4 VA (NS2ACAT Y 4 IV Ry VBRI 5 72
WIZ, NVS— 4 VR ERGRWHT LW, BlS RNased
FIZE o THRIETHAE LY A L ADEIZ KA BEB &
OHFEN-28R). PR 727 a i lihBBLET
5 — 2 % Bk L MDBK Ml I #E(URE R L7z, S OXE Lih
5 RNAZ#HiH L, RT-PCR##1T-7. PCRE® T, 2% T
O—AXMIZTERKEI LA, CATRIZTREAZN
ORI, CATT S A — 2L WIES /N> b
HHEHR SN (G, EW). Ny P s nzHl ks

34%C 39°C

Fig.2. Plaque formation of the recombinant NS2ACAT virus.
Virus was infected to MDBK cells on 35-mm dishes. Infected
cells were overlaid with 0.6% agar in the presence of 0.1% BSA,
and incubated at 34 °C or 39 °C for 4 days. The cells were
stained with 0.1% crystal violet in 20% methanol.

A

a NS1 «a CAT

- PB1, PB2, PA

= NP

~= Polyprotein

a NS1

+
a CAT

a NS2

NS2ACAT ™ 4 W R & L7z,

I. BIEFHEARZ T A ILIDOMER

NS2ACAT 7 1 L A % MDBKHMIHZIZ 30 5 IR & & Rif %
B, 06% 7 AT —R, 0.1%BSAY ELEBTER L,
BES5% CO,PEBTT34TEINTTLHMEEEL, HWHL
77T~ OWIREEE L7, NS2ACAT Y 1 VA, 34CT
Wakk L T T — o4 XANE L R BFELI N T,
ZOMEIENRZ Y=L VATHEBHEONIL 7 1)V R LI
LT, HENSL Y V82 BIZiEE o s, 39T TIL S 5128
FUHBREV ANV AOEEFHES L, RERZIHE 2o
7 (E2). BB, BERRONILY AV A ORI BT
EEsaAN

. HERBETCOCAT Z > /INTEORE
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Fig.3. The synthesis, the self-cleavage, and the stability of the NS2ACAT polyprotein. (A) MDBK cells were infected with the
recombinant NS2ACAT virus at 34 °C, and labeled with [**S] methionine for 1hr at Shr postinfection. The labeled cell lysates were
prepared and immunoprecipitated employing anti-NS1 ( «NS1), or anti-CAT («CAT) antibody. T he immunoprecipitates were separated
on SDS 10 — 20% polyacrylamide gradient gel electrophoresis. NP, viral nucreoprotein; NS1, viral nonstructural protein 1; ANS1, N110
NS1 protein; PB1, PB2, and PA, viral polymerase proteins. (B) After the incubation of the infected cells for 5hr at 34 C (lane 1, 2, 5 and 6)
or 39°C (lane 3 and 4), the cells were labeled with [**S] methionine for lhr, and chased (lane 2 and 4) or not (lane 1, 3, 5 and 6) for further
1hr at 34 °C or 39°C. The labeled cell lysates were immunoprecipitated employing anti-NS1 and anti-CAT (upper panel), anti-NP (middle
panel), and anti-NS2 (lower panel) antibody and separated on SDS 10 — 20% polyacrylamide gradient gel electrophoresis. Lanes 1 to 4,
NS2ACAT virus-infected cells; lane 5, N110 virus-infected cells; lane 6, WSN virus-infected cells; NS2, viral nonstructural protein 2. For

other symbols, see (A).
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Fig. 4.  Attenuation and immunogenicity of the NS2ACAT virus
infected to mice. The mice were infected nasally with 10°PFU
of WSN, the mutant N110 and the recombinant NS2ACAT
viruses, and observed for 2 weeks. (A) WSN, (B) N110, (C)
NS2ACAT. (D) The mice infected with the NS2ACAT virus
shown in (C) were challenged with 60LDs, dosis of WSN virus.
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Fig. 5. Stability of the CAT gene in the NS2ACAT virus vector
during multiple passages. MDBK cells were infected with
influenza virus recombinant NS2ACAT. After incubation of
the virus-infected MDBK cells for 5hr at 34 C, the cell lysates
were prepared, and 50% of them were used for the CAT assay.
The passage number (1-5) is shown above each lane. The
authentic CAT enzyme was used as the positive control (CAT).
The mutant N110 virus-infected lysates were used as the
negative control (N110).

& CAT/N110

Fig. 6. Protein expression in the NS2ACAT virus-infected cells. MDBK cells were infected with the recombinant NS2ACAT virus (MO,
1). The infected cells were incubated for 5hr at 34 C, fixed, and stained with anti-CAT, and anti-NP antibodies, shown in the left and the
middle panels, respectively, followed by visualization using FITC-conjugated secondary antibodies. As the negative control, the cells were
infected with the mutant N110 virus, and stained with anti-CAT antibody (the right panel).
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Abstract

The study of reverse genetics has allowed us to use influenza viruses for the development of viral expression vectors. In
the previous influenza virus vectors, the viral HA and the NA genes were manipulated to incorporate foreign genes for
expression. However, the expression level was not satisfactory, and the size of foreign genes able to be incorporated was
limited. In this study, we focussed on the NS1 gene, which is located on the shortest of the eight influenza virus genome
segments and is expressed with a comparatively higher efficiency than the other viral genes, and have developed a new
influenza vector system by manipulation of the NS gene. We first isolated the influenza WSN virus NS1 mutant, N{10. N110
expresses a short NS1 protein containing the N-terminal 110 amino acids. This mutant virus allowed us to introduce foreign
genes into the downstream of the mutant NS1 gene. The truncated NS protein was connected to the self-cleaving 2A
protease sequence of 17 amino acids, which was followed by the CAT reporter protein as the model foreign gene. These
proteins were connected in frame so as to be expressed as a polyprotein. The virus carrying the chimera segment 8 genome
RNA encoding the polyprotein was rescued using the “RNaseH method” developed by M. Enami et al. (1997). The rescued
virus was attenuated at 34 °C, and in addition became temperature-sensitive at 39 °C. The virus was infected into mice, in
which its pathogenicity was highly attenuated, LDso being elevated by two orders or more. In addition, the infected mice
exhibited high immunity to the challenging WSN virus. The analysis of the protein expression of the virus-infected cells
showed twenty percent of the polyprotein was immediately cleaved to the mature proteins. The CAT gene in the rescued virus
remained stable during at least 5 passages. The expression level of the CAT gene was at least 10-100 times higher than that of
previously reported influenza virus vectors using the NA gene. It is thus expected that the new influenza vector system is very
efficient in its application as an attenuated-vaccine virus and also as a virus vector for gene therapy.




